High-resolution altimetry collected by the Magellan spacecraft reveals trench and outer rise topographic signatures around major coronae (e.g. Eithinoha, Heng-O, Artemis, and Latona). In addition, Magellan synthetic aperature radar images show circumferential fractures in areas where the plates are curved downward. Both observations suggest that the lithosphere around coronae is flexed downward by the weight of the overriding coronal rim or by the negative buoyancy of subducted lithosphere. We have modelled the trench and outer rise topography as a thin elastic plate subjected to a line load and bending moment beneath the corona rim. The approach was tested at northern Freyja Montes where the best fit elastic thickness is 18 km, in agreement with previously published results. The elastic thicknesses determined by modelling numerous profiles at Eithinoha, Heng-O, Artemis, and Latona are 15, 40, 37, and 35 km, respectively. At Eithinoha, Artemis, and Latona where the plates appear to be yielding, the maximum bending moments and elastic thicknesses are similar to those found at the Middle America, Mariana, and Aleutian trenches on Earth, respectively. Estimates of effective elastic thickness and plate curvature are used with a yield strength envelope model of the lithosphere to estimate lithospheric temperature gradients. At Heng-O, Artemis, and Latona, temperature gradients are less than 10 K/km, which correspond to conductive heat losses of less than one half the expected average planetary value. We propose two scenarios for the creation of the ridge, trench, and outer rise topography: differential thermal subsidence and lithospheric subduction. The topography of Heng-O is well matched by the differential thermal subsidence model. However, at Artemis and Latona the amplitudes of the trench and outer rise signatures are a factor of 5 too large to be explained by thermal subsidence alone. In these cases we favor the lithospheric subduction model wherein the lithosphere outboard of the corona perimeter subducts (rolls back) and the corona diameter increases.
INTRODUCTION
The lithospheres of Earth and Mars are known to have elastic upper layers that undergo flexural deformation [Walcott, 1970; Comer et al., 1985] . These flexures are commonly caused by large volcanic loads on the lithosphere which produce a moat and outer rise. On Earth, flexures are also associated with subduction zones; the cold subducted plate applies a bending moment to the not yet subducted lithosphere creating a trench and outer rise [Caldwell et al., 1976] (Figure 2 , bottom, orbit 1376) reveals a 1.5-kin-high ridge, a 2.5-kin-deep trench, and ~0.5-kin-high outer rise. Again, the outer rise was measured with respect to the regional topographic gradient to the south. Circumferential fractures are very intense in the deep part of the trench but decrease in intensity and frequency moving up onto the outer rise where they terminate at the crest of the outer rise. Impact craters are not apparent in the interior of Latona, and since its interior is both elevated and highly fractured, we speculate that Latona is in a relatively early stage of its thermomechanical and/or tectonic development.
A major hypothesis of this paper is that these trenches, outer 
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In ( The objective is to estimate the flexural parameter {z and the flexural coefficients Cl and c2 by varying all of the parameters cl, c2, ca, c4 ) such that the root-mean-square (RMS) misfit between the model and the observations is minimum. After determining {z, cl, and c2 we estimate the elastic plate thickness using (2) and the maximum bending moment which occurs at the base of the trench using (3). While this is the standard least squares approach, there are a number of complications arising from this application. First, one may notice that there is no obvious adjustable parameter to specify the location of the origin in (1). The approximate position of the origin was chosen as the highest point along the ridge just inboard of the trench axis since this is where the line load and bending moment are acting; in fact, the highest point was selected after the profile was low-pass-filtered (~160-km cutoff wavelength) in order to smooth out local maxima/minima superimposed on the broader ridge. In addition to having the origin coincide with the peak in the topographic load, the location of the origin was allowed to vary to achieve a "best fit" to the observations. These minor variations are accommodated by varying the relative amplitudes of cl and c2 which contain cosine and sine tenns that shift the phase of the flexure profile.
After specifying the origin, the latitude and longitude of the prof'de were converted to distance perpendicular to the trench axis. To focus on the trench and outer rise flexure, only the observations at distances of ~100 to -600 km were used in the least squares fit. As seen in (1), the model depends linearly on the parameters Clc4 but nonlinearly on {z. To determine the model with the minimum RMS misfit, we set {z and found the best set of cl -c4 ß This procedure was repeated for a wide range of {z corresponding to elastic thicknesses of 5 to 80 kin. One more complication arose because the observations do not continue all the way to the origin (i.e., the topographic ridge adjacent to the trench). When the flexural parameter was much less than the distance from the origin to the trench axis, the best coefficients of the end moment and line load (cl and c2) would act in opposite directions to create a nice fit to the observations in the 100 to 600 km distance range. However, at the origin, the model topography would have an unrealistic value (> +100 kin). To suppress this instability, we forced both cl and c2 to be be negative [Lawson and Hanson, 1974] ; physically, this constrains both the end moment and line load to flex the plate downward at the origin.
Freyja Montes
We tested the procedure using seven profiles ( Table 2. crossing outboard of the trench axis are also given in Table 2 Figure 9 . In contrast to Freyja and Eithinoha which require elastic plate thicknesses greater than 10 km, Heng-O requires an elastic plate thickness that is greater than 30 km ( Figure  5 ). This can be seen in Figure 8 where the fit of the 20-kin-thick model is quite poor on the outer trench wall. It is interesting to note that the amplitude and shape of the flexure at Heng-O do not place tight constraints on the maximum elastic plate thickness. In fact, for most of the profiles, the minimum RMS misfit occurred for an elastic plate thickness of 80 km. A visual examination of the fits of these profiles, however, showed a poor match at the base of the trench. Therefore, the results shown in Figure 9 and given in Table 2 are best fitting models having elastic thickness less than or equal to 40 km. (Table 3) It should be noted that these models are not mutually exclusive.
The main difference between the models is where the hot material is emplaced, above or below the preexisting lithosphere. In the tectonic scenario when subduction ceases and the corona reaches its final diameter, the interior lithosphere will be hot and thin, while the exterior lithosphere will be cold and thick. At this point the corona must go through a phase of differential thermal subsidence. Another possibility in the tectonic scenario is that the interior of the corona spreads radially but the preexisting lithosphere does not subduct. When the spreading ceases, the interior lithosphere will be hot relative to the exterior lithosphere and thus will undergo a final thermal subsidence phase. A calculation of the differential thermal subsidence is presented next to show that it can explain the small amplitude flexures observed at Heng-O but cannot produce the large trenches and outer rises at Eithinoha, Artemis, and Latona.
Differential Thermal Subsidence
The model incorporates two-dimensional cooling, thermal subsidence, and flexure of welded adjacent lithosphere of different ages [Sandwell and Schubert, 1982; Sandwell, 1984] (Figure 15) . As in the previous section, it is assumed that the coronae have sufficiently large radii that their circularity is unimportant in the evolution of the flexural topography. In the initial state, it is assumed that 200-m.y.-old Venusian lithosphere outside of the corona abuts younger lithosphere of age 10 m.y. inside of the corona. The initial thermal profiles far from the contact zone are given by the classical error function solution of the onedimensional cooling half-space model [Turcotte and Schubert, 1982] where the temperature at the surface of the lithosphere is To and the deep mantle temperature is Tm (see Table 1 
Subduction Model
The flexural trench and outer rise topography observed at Eithinoha, Artemis, and Latona is similar to flexural topography observed on the seaward side of subduction zones on Earth. For example, at Eithinoha the elastic plate is relatively thin and the bending moment at the trench axis is small (0.9 x 10 16 N). This compares favorably with the thin plate (-12 kIn) and small moment (0.6 x 10 16 N) observed at the Middle America Trench. In contrast, at Artemis the elastic plate is relatively thick and the bending moment is relatively large (25 x 10 16 N). This compares favorably with an elastic thickness of 29 kIn and a maximum bending moment of 13 x 10 16 N found at the Mariana Trench [Caldwell et al., 1976] . Similarly, at Latona the elastic thickness and bending moment are 35 kIn and -6.0 x 10 16 N, respectively which compares favorably with the Aleutian Trench (28 kIn and 8.9 x 10 16 N). On the Earth, the bending moment is primarily supplied by the negative buoyancy of the subducted lithosphere. The overriding plate is almost locally compensated so that it exerts almost no downward force on the subducting plate. Moreover, in many cases, the overriding plate is in a state of tension which results in back-arc spreading that is nearly parallel to the subduction zone [Barker and Hill, 1981] . As a final analogy, McKenzie et al. [this issue] have noticed that many of the arclike topographic structures in eastern Aphrodite Terra (including Latona and northern Artemis) have similar morphology and scale to subduction zones in the East Indies on Earth. In both cases, the subduction zones are curved with the high topography on the concave side.
On Earth, the negative buoyancy of the subducted lithosphere acts as a stress guide that draws the not yet subducted lithosphere into the trench. This effect (slab pull) is believed to be the major driving force of plate tectonics [Schubert, 1980] . An unusual feature of some coronae including Eithinoha, Artemis and Latona is that the trench wraps around the corona by more than 180·. Thus if the trench axis were to remain stationary, the entire lithosphere would have to compress and thicken as it moved into the trench. Because this seems physically implausible and there are no indications of circumferential compression outboard of the trench, we prefer the model where the trench axis rolls back and the corona increases in diameter.
SUMMARY
1. High-resolution altimetry collected by the Magellan spacecraft has revealed trench and outer rise topographic signatures around many major coronae [Sto/an et al., this issue]. In addition, Magellan SAR images show circumferential fractures in areas where the plates are curved downward. These observations suggest that the lithosphere arl;lUnd coronae is flexed downward either by the weight of the overriding coronal rim or by the negative buoyancy of subducted lithosphere.
2. We have selected four of the largest coronae (Eithinoha, Heng-O, Artemis, and Latona) which display these flexural characteristics and have modelled the trench and outer rise topography as a thin elastic plate subjected to a line load and bending moment beneath the corona rim. The elastic thicknesses determined by modelling numerous profiles at Eithinoha, Heng-O, Artemis, and Latona are 15, 40, 37, and 35 kIn, respectively. At Eithinoha, Artemis, and Latona where the plates appear to be yielding, the maximum bending moments and elastic thicknesses are similar to those found at the Middle America, Mariana, and Aleutian trenches on Earth, respectively.
3. Estimates of effective elastic thickness and plate curvature are used with a yield strength envelope model of the lithosphere to estimate lithospheric temperature gradients. At Heng-O, Artemis, and Latona, temperature gradients are less than 10 KIkm which correspond to conductive heat losses of less than one half the expected average planetary value. There are many possible explanations for the low estimated heat flows. However, modelling of many more areas is needed to establish a planetary average.
4. We propose two scenarios for the creation of the ridge, trench and outer rise topography: differential thermal subsidence and lithospheric subduction. The topography of Heng-O is well matched by the differential thermal subsidence model. However at Artemis and Latona, the amplitudes of the trench and outer rise signatures are a factor of 5 too large to be explained by thermal subsidence alone. In these cases we favor the lithospheric subduction model wherein the lithosphere outboard of the corona perimeter subducts (rolls back) and the corona diameter increases.
